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Abstract
Startling rate of malaria parasite resistance to artemisinin and its derivatives has led to possible herb–drug antimalarial combination therapy. This study assessed the effect of co-administration of artemisinin and Ricinodendron heudelotii extract on certain
liver and antioxidant indices in rats. Four groups containing ten rats each were administered distilled water (group A), artemisinin
only (group B), artemisinin with R. heudelotii extract (group C), and R. heudelotii extract only (group D). Serum biochemical
values and antioxidant parameters were determined using standard methods respectively. The results revealed that the total
protein level increased significantly (p < 0.05) in group C. Aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) activities increased significantly (p < 0.05) in the group administered artemisinin only but was regulated to control level
both in groups C and D. The liver reduced gutathione (GSH) concentration decreased in the group administered artemisinin only.
Similarly, malondialdehyde (MDA) level significantly increased (p < 0.05) in group A while groups C and D showed decrease in
MDA and catalase concentrations. Histological examination showed that few of the hepatocytes were necrotic in the group
administered artemisinin only while the group administered artemisinin and extract showed mild to moderate central venous
congestion and periportal cellular infiltration. The study indicates that the bioactive constituents of the R. heudelotii extract might
either have a regulatory effect on artemisinin toxicity or synergistically enhance its activity. Such bioconstituents can further be
isolated and characterized for drug development to tackle Plasmodium falciparum resistance.
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Introduction
Malaria is one of the dominant communicable diseases with
high incidence and mortality rate in developing countries. It is
transmitted by anopheles mosquitoes that are infected with
Plasmodium species. The greatest challenge of malaria thera-
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py is that of resistance to antimalarial drugs such as chloroquine, sulfadoxine, and artemisinin (Ridley 2002). In addition,
most of the antimalarial drugs have been reported to have high
toxicity thus exposing patients’ health to greater danger
(Sullivan et al. 2011). This has made medicinal plants as potential targets for developing new drugs either as raw form or
after synthetic formulation (Schmidt et al. 2012). Due to lack
of effectiveness of most antimalarial drugs, traditional medicine used either solely or combined with orthodox medicines
has become regular practice amongst people. This is prevailing in underdeveloped countries where the orthodox drugs are
expensive to major part of the local community (Kremsner
and Krishna 2004). Often times in West Africa, antimalarial
traditional therapies are used simultaneously, before or after
using these orthodox drugs. Minimal studies have been
reported on how herbal medicines interact with the orthodox
drugs. The possibility of herb–drug interactions (HDI) is
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hypothetically higher when compared to drug–drug interactions because it is believed that synthetic drugs comprise of
individual chemical entities as opposed to herbs
(Wanwimolruk and Prachayasittikul 2014). HDI can either
alter the pharmacokinetic and/or pharmacodynamic properties
of administered drugs; such pharmacokinetic interactions usually involve alterations in the gastrointestinal functions in relation to absorption, induction and/or the inhibition of some
drug transporters and metabolizing enzymes, and change in
drug excretion (Tarirai et al. 2010). These alterations can further result in synergistic, additive, and/or antagonistic effects
(Fasinu et al. 2012). This raises a great concern as to how safe
the concomitant use of herbal products with therapeutic drugs
is to the body (Gorman 2012). Therefore, it is necessary to
assess the interactions between herbs used in managing malaria and some standard antimalarial drugs. Ricinodendron
heudelotii is a forest tree that is native to Central and West
Africa and belongs to the Euphorbiaceae family (Clark and
Sunderland 2004). It is commonly known as BNjansang^ in
Cameroun and BOkwe^ in South East Nigeria (Izundu and
Nnacho 2011). R. heudelotii has been used traditionally as a
remedy against malaria amongst other uses (Fondoun et al.
1999). A decoction of the bark has been reported to exhibit
aphrodisiac and diuretic effects in some areas of Cameroun
(Momeni et al. 2005). Izundu and Nnacho (2011) reported that
the seeds contain tannin, phenol, flavonoid, hydrogen cyanide, and saponin while unpublished data shows that the
leaves contain flavonoids, terpenes, saponin, tannin, steroids,
alkaloids, and cardiac glycosides. Hence, this study was designed to evaluate the effect of co-administration of the ethanol extract of R. heudelotii and artemisinin on some liver
function and antioxidant indices in a rat model.

Methods
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Extraction of plant
Powdered R. heudelotii leaves (1000 g) was extracted with
95% ethanol via maceration for 72 h and thereafter filtered
and concentrated at 50 °C using a rotary evaporator
(Adebayo et al. 2006) to obtain the ethanol extract having a
yield of 16.25% (165 g).

Phytochemical study
The crude extract (150 g) was further extracted using ethyl
acetate, hexane, and n-butanol in a separating chamber to
obtain different fractions of the extract which was used for
the quantitative and qualitative phytochemical screening following standard procedures. Phenolic content of the fractions
was measured based on the Folin–Ciocalteu reagent reduction
(Siddhuraju and Becker 2003) while measurement of the flavonoid content which was based on the principle that flavonoids form complexes with aluminum chloride was expressed
as rutin equivalent obtained from a standard curve at different
concentrations of rutin (Zhishen et al. 1999). The percentage
alkaloid was also estimated according to the method of
Harborne (1973).

Experimental animals
Forty male (120–150 g) Wistar rats used were obtained from
the animal breeding center of the Federal University of
Technology, Abeokuta, Ogun State, Nigeria. They were
housed in standard cages under ideal conditions of 12/12 h
dark/light cycle, 65% humidity, and 25 °C in the animal house
of Biological Science Department. Animals were given daily
diet and water ad libitum. This study was approved by the
Biological Sciences Research Ethics Committee, Covenant
University. All animals were also treated following the
National Institutes of Health (NIH) guidelines for the usage
and care of laboratory animals (NIH 2011).

Drugs and chemicals
Drug administration and experimental design
Artemisinin powder was purchased from Biotain Pharma Co.
Ltd., China. Every other reagents were obtained from Sigma,
USA, and they were of analytical grade.

Collection of plant
Ricinodendron heudelotii leaves were collected within the
premises of Covenant University, Nigeria, and identified and
authenticated by Dr. J.O. Popoola from the Department of
Biological Sciences, Covenant University, Ota, Ogun State,
Nigeria. Sample was deposited in the herbarium of the
Forestry Research Institute of Nigeria, and voucher number
FHI 110573 was obtained.

Animals were grouped into four as follows: Group A (control)
received 0.1 ml of distilled water; group B were orally administered 2 mg/kg body weight of artemisinin only; group C
received R. heudelotii extract (500 mg/kg) and artemisinin
(2 mg/kg) separately and simultaneously; and group D received R. heudelotii extract only (500 mg/kg). All treatments
were orally administered two times daily for 3 days.

Blood collection and sample preparation
The rats were sacrificed after treatment using diethyl ether as
anesthesia, and blood collected from the heart into sample
bottles containing heparin anticoagulant and centrifuged for
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Qualitative phytochemical analysis (Table 1) showed that the
crude extract contains tannins, saponin, flavonoids, alkaloids,
terpenoids, steroids, and quinone. The quantitative phytochemical screening shows the hexane and ethyl acetate fractions contain 7.70 ± 0.82 and 38.28 ± 0.61 mg GAE/g of phenol. The percentage alkaloid in the crude ethanol, ethyl
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Phytochemical analysis

Butanol
Water

Results

+
+
–

All data were represented as mean ± SEM and analyzed using
one-way analysis of variance (ANOVA) and Tukey’s post hoc
test via the statistical package for social sciences (SPSS), version 21.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was taken at p < 0.05.
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Method by Aliyu et al. (2007) was used to carry out the histological analysis on the liver tissues.

Table 1

Histopathological analysis

Qualitative phytochemical screening of fractions of Ricinodendron heudelotii

CAT activity was determined following the method of
Claiborne (1986) by observing the disappearance of hydrogen
peroxide (H2O2) at 240 nm while GSH was determined following Ellman’s method (Ellman 1959). MDA concentration
was measured according to Buege and Aust (1978).

–
–
–

Determination of CAT, GSH, and MDA in liver
homogenate

Crude
Hexane
Ethyl acetate

Test kits for the liver function test were purchased from
Randox Laboratory, UK, and used for the biochemical analysis. Established procedures were used to evaluate alkaline
phosphatase (ALP) (Tietz et al. 1983), aspartate aminotransferase (AST) (Bergmeyer et al. 1986a), total protein concentration (Weichselbaum 1946), and alanine aminotransferase
(ALT) (Bergmeyer et al. 1986b).

Cardiac
CHO glycosides

Biochemical analysis

Fractions/
phytochemicals

10 min at 3000 rpm to obtain the plasma used for the biochemical assays. Liver tissues were collected and homogenized using potassium chloride phosphate buffer [10 mM]
with ethylene-diamine tetra acetic acid (EDTA, pH 7.4) and
thereafter centrifuged for 15 min at 12,000 rpm. Catalase
(CAT), malondialdehyde (MDA), and reduced glutathione
(GSH) concentrations were assayed using the liver homogenate while some portion of the liver was excised for histopathological analysis.

+
–
+
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acetate, and butanol are 16, 12, and 20% respectively while
the total flavonoids measured in the crude ethanol, butanol,
and water fractions are as follows: 0.16 ± 0.005, 0.20 ± 0.013,
and 0.23 ± 0.044 mg RE/g respectively (Table 2).

Antioxidant studies
The concentrations of MDA were significantly (p < 0.05) increased in the artemisinin only group while the catalase activity significantly reduced across all treatment groups. The GSH
activities slightly increased in the combined treatment group
(Fig. 1).

Biochemical studies
The activities of the aminotransferase (ALT and AST) significantly (p ≤ 0.05) increased in the artemisinin only group.
There was however a significant decrease in the combined
treatment and extract only group, although there was an increase in the ALP level in the combined group which was not
significantly different from the control group. The levels of
total protein significantly increased in the combined and extract only group (Fig. 2).

Histological studies
Histological assessment of the liver tissues showed a moderate
to severe diffuse vacuolar degeneration of hepatocytes (black
arrows). Few hepatocytes are necrotic (red arrows) in the
artemisinin only group while the group administered
artemisinin and extract only showed mild to moderate central
venous congestion and periportal cellular infiltration (Fig. 3).

Discussion
The startling rate at which malaria parasite counteracts the
effect of malaria drugs has led to the search for more antimalarial compounds in medicinal plants especially in areas where
medicinal plants are mostly used to treat or cure the disease;
hence, additional investigation on plants must be embarked
upon in order to conquer resistance in malaria therapy.
Table 2 Quantitative
phytochemical screening

Artemisinin and its semi-synthetic derivatives have been
reported to possess the swiftest action against Plasmodium
falciparum (White 1997). Artemisinin which is obtained from
Artemisia annua plant has also been reported to have reproductive and neurotoxic effect (Clark et al. 2008). Although
they have been used in treating malaria, high cost of the drug,
low bioavailability, and poor pharmacokinetic properties have
been a draw back to its use; this has led many to combine the
orthodox drug with herbal plant with the motive of it producing higher therapeutic effect ignoring the fact that it can lead to
some unfavorable herb–drug interactions. Hence, this study
assessed the possible effect of the concomitantly administering Ricinodendron heudelotii extract and artemisinin on certain liver and antioxidant indices in albino Wistar rats. The
result obtained revealed an increase in total protein concentrations although this was only significant (p < 0.05) in the combined and extract only group (Fig. 2b). Such an increase might
be as a result of the potential of artemisinin to boost protein
synthesis (Udayashekara 1987). This correlates with previous
work carried out by Adedosu et al. (2015).
The effect of artemisinin on certain liver enzymes indicated
that artemisinin significantly increased (p < 0.05) activities of
the aminotransferase (ALT and AST) in comparison with the
control (Fig. 2a, b). The rise in the enzymes’ activities in the
group administered artemisinin only depicts liver injury due to
increased membrane permeability and cellular necrosis as
shown in the histopathological result (Fig. 3). Hence, the more
porous the cell membrane, the more there will be a leakage of
the intracellular enzymes into the circulating blood. This is in
line with previous reports (Farombi et al. 2000; Li et al. 2006;
Obi et al. 2004). Reports showed that drugs such as
amodiaquine, chloroquine, and quinine elevate ALT and
ALP levels and may induce liver damage (Udobre et al.
2009). Medicinal plants possess hepatoprotective effects due
to the presence of some bioactive constituents (Subramanion
et al. 2012). R. heudelotii leaf extract contains tannins, saponins, flavonoids, alkaloids, terpenoids, steroids, and quinine
(Table 1). Flavonoids and tannins have been shown to have
antioxidative activity and hepatoprotective and free radical
scavenging capacity (Shashank and Abhay 2013; Gülçin
et al. 2010). Saponin contained in some herbal plants has been
reported to prevent hepatic and terminate cell proliferation
(Lipkin 1995; Effiong and Akpan 2015); this effect was seen

Fractions

Total phenol (mg GAE/g)

% alkaloid

Total flavonoid (mg RE/g)

Crude
Hexane
Ethyl acetate
Butanol
Water

–
7.70 ± 0.82
38.28 ± 0.61
–
–

16
–
12
20
–

0.16 ± 0.005
–
–
0. 20 ± 0.013
0.23 ± 0.044

GAE gallic acid equivalent, RE rutin equivalent
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Fig. 1 Catalase, malondialdehyde (MDA), and reduced glutathione (GSH) concentrations in various treatment groups

in R. heudelotii leaf extract as it regulates the activities of the
aminotransferases back to the control levels both in the combined and extract only treatment groups. This could also be
accredited to the extract’s ability to avert the artemisinin metabolism into harmful substances and thus reduce the release
of free radicals further minimizing liver injury produced.
As lipid peroxidation is crucial in determining oxidative
stress, significant rise in liver MDA levels in the artemisinin
administered group (Fig. 1) suggests an increased lipid peroxidation leading to intense free radical production (Souza et al.
1997). Scavenging of free radicals is a major mechanism of
*
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antioxidation whereby lipid peroxidation reactions are
inhibited. In this study, the ethanol extract of R. heudelotii
both in the combined treatment group and when administered
only decreased the MDA levels, indicating the antioxidant
potential the plant extract to sustain membrane stability.
The primary function of reduced glutathione (GSH) is to
detoxify various xenobiotics as well as scavenge free radicals
(Prakash et al. 2004; Vudaa et al. 2012). The liver GSH concentration decreased in the artemisinin only group as compared to the other treatment groups (Fig. 1c). The combined
treatment group however showed an increase in the liver GSH
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Fig. 2 Plasma aspartate amino transferase (AST), alanine amino transferase (ALT), alkaline phosphatase (ALP), and total protein activities in various
treatment groups
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Fig. 3 a Photomicrograph of liver
organ of rat with normal features
in the control group, H&E × 400,
b administered artemisinin only, c
administered artemisinin and
extract, and d administered
extract only

concentration although not significant; this could also suggest
the extract having antioxidant activity for hepatocellular defense against free radicals. Catalase is an antioxidant enzyme
that spans across all animal tissues with highest activity in
liver cells; it protects the cells from reactive hydroxyl radicals
by putrefying hydrogen peroxide (Chance and Greenstein
1992). Artemisinin and extract both administered singly or
in combined treatment decreased the catalase concentration
either through oxidative inactivation or feedback obstruction
of protein enzyme as a result of generation of excess reactive
oxygen species (Guha et al. 2006). The reduction observed in
catalase activity may lead to some adverse effects due to assimilation of hydrogen peroxide and superoxide radical.
Qualitative phytochemical studies of R. heudelotii indicated
the presence of saponins, flavonoids, alkaloids, cardiac glycosides, quinines, terpenoids, phenols, and steroids (Table 1)
while from the quantitative screening, the extract showed a
considerable amount of total phenol in the ethyl acetate and
hexane fraction with the values of 38.28 and 7.70 mg/g gallic
acid equivalence respectively while the flavonoid contents in
the butanol and water fractions were 0.20 and 0.23 mg/g rutin
equivalence. The presence of these compounds has been
found to be predominant in plants with antioxidant properties
thus having high impact on health (Dimitrios 2006). The
quantitative phytochemical screening result correlates with
the properties exhibited by the extract when administered in
combination with artemisinin suggesting that the extract may
have a different pharmacokinetic profile as an antioxidant in
eliminating malaria parasite compared to artemisinin which
induces oxidative stress to eliminate the parasite. This property may be explored as a clue to a possible mechanism to

overcome resistance when the bioactive agents of this extract
are used in combination with artemisinin.

Conclusion
Conclusively, results from this study show artemisinin administration led to rise in liver function and oxidative stress indices which was considerably lowered during the coadministration with R. heudelotii leaf extract, without causing
any deleterious effect on animal organs. Hence, R. heudelotii
leaf extract may have a regulatory effect on artemisinin toxicity. Thus, the bioactive constituents of the leaf can be explored
for further research in overcoming drug resistance to P.
falciparum malaria. Also, further research should be
embarked upon to identify or isolate the active compounds
responsible for these effects which could be helpful in drug
design and development.
Acknowledgements We greatly appreciate the support from the technical
staff of the Department of Biochemistry, Covenant University.

Compliance with ethical standards
Conflict of interest The authors declare that they have no competing
interests.
Informed consent Informed consent was obtained from all authors included in the study.
Ethical approval The research was approved by the Ethics Committee
of the Department of Biological Sciences Covenant University, Nigeria.
All animals were also treated in line with the National institute of Health

Comp Clin Pathol (2018) 27:765–772
(NIH) guidelines for the use and care for animals in the laboratory (NIH
2011).

References
Adebayo AH, Aliyu R, Gatsing D, Garba IH (2006) The effects of
ethanolic leaf extract of Commiphora africana (Buseraceae) on lipid
profile in rats. Int J Pharmacol 2:618–622
Adedosu OT, Adedosu AN, Badmus JA, Adeleke GE, Akintola AO,
Oyeyomi SA (2015) Co-administration of artesunate and
Azadirachta indica extract: effects on antioxidants and certain liver
parameters in male Wistar rats. Asian J Sci Technol 6(04):1338–
1343
Aliyu R, Adebayo AH, Gatsing D, Garba H (2007) The effects of
ethanolic leaf extract of Commiphora africana (Burseraceae) on
rat liver and kidney functions. J Pharmacol Toxicol 2:373–379
Bergmeyer HU, Herder M, Rej R (1986a) International Federation of
Clinical Chemistry (IFCC) Scientific Committee, analytical section:
approved recommendation (1985) on IFCC methods for the measurement of catalytic concentration of enzymes. Part 2. IFCC method for aspartate aminotransferase (L-aspartate: 2-oxoglutarate aminotransferase, EC 2.6 1:1.) J Clin Chem Clin Biochem 24(7):497–
510
Bergmeyer HU, Horder M, Rej R (1986b) International Federation of
Clinical Chemistry (IFCC) Scientific Committee, analytical section:
approved recommendation (1985) on IFCC methods for the measurement of catalytic concentration of enzymes. Part 3. IFCC method for alanine aminotransferase (L-alanine: 2-oxoglutarate aminotransferase, EC 2.6 1:2.) J Clin Chem Clin Biochem 24(7):481–495
Buege JA, Aust SD (1978) Microsomal lipid peroxidation. Methods
Enzymol 52:302–310
Chance B, Greenstein DS (1992) The mechanism of catalase actionssteady state analysis. Arch Biochem Biophys 37:301–339. https://
doi.org/10.1016/0003-9861(52)90194-X
Claiborne A (1986) Catalase activity. In: Greenwald RA (ed) CRC handbook of methods for oxygen radical research. CRC Press, Boca
Raton, pp 283–284
Clark LE, Sunderland TCH (2004) The key non-timber forest products of
central Africa: state of the knowledge. Paper no. 122, Office of
Sustainable Development, Bureau for Africa, U. S. Agency for
International Development, USA
Clark RL, Lerman SA, Cox EM, Gristwood WE, White TE (2008)
Development toxicity of artesunate in the rat: comparison to other
artemisinins, comparison of embryotoxicity and kinetics by oral and
intravenous routes, and relationship to maternal reticulocyte count.
Birth Defects Res B Dev Reprod Toxicol 83:397–406
Dimitrios B (2006) Sources of natural phenolic antioxidants. Trends Food
Sci Technol 17(9):505–201
Effiong GS, Akpan HD (2015) The effect of Nauclea latifolia leaf extract
on some biochemical parameters in streptozotocin diabetic rat
models. J Med Med Sci 6(3):47–52
Ellman GL (1959) Tissue sulfhydryl groups. Arch Biochem Biophys 82:
70–77
Farombi EO, Olowu BI, Emerole GO (2000) Effect of three structurally
related antimalarial drugs on lipid microsomal components and lipid
peroxidation in rats. Comp Biochem Physiol 126:217–224
Fasinu PS, Bouic PJ, Rosenkranz B (2012) An overview of the evidence
and mechanisms of herb-drug interactions. Front Pharmacol 3:1–19
Fondoun JM, Manga TT, Kengue J (1999) Ricinodendron heudelotii
(Djansang): ethnobotany and importance for forest dwellers in
southern Cameroon. Plant Genet Resour Newsl 118:1–6
Gorman GS (2012) Mechanisms and implication of drug-herbal interactions. J Bioequivalence Bioavailability 4:13–14

771
Guha M, Kumar S, Choubey V, Maity P, Bandyopadhyay U (2006)
Apoptosis in liver during malaria: role of oxidative stress and implication of mitochondrial pathway. FASEB J 7:1224–1226
Gülçin İ, Zübeyr H, Mahfuz E, Hassan Y (2010) Radical scavenging and
antioxidant activity of tannic acid. Arab J Chem 3(1):43–53
Harborne JB (1973) Methods of plant analysis. In: Phytochemical
methods. Chapman and Hall, Ltd., London, pp 49–188
Izundu I, Nnacho N (2011) Nutritional and A-nutritional composition of
Ricinodendron heudelotii. Nat Appl Sci J 12:108–116
Kremsner PG, Krishna S (2004) Antimalarial combinations. Lancet
364(9430):285–294
Li Q, Xie LH, Haeberle A, Zhang J, Weina P (2006) The evaluation of
radiolabeled artesunate on tissue distribution in rats and protein
binding in humans. Am J Trop Med Hyg 75(5):817–826
Lipkin R (1995) Secondary plant metabolites. Sci News 14:8–9
Momeni J, Djoulde RD, Akam MT, Kimbu SF (2005) Chemical constituents and antibacterial activities of the stem bark extracts of
Ricinodendron heudelotii (Euphorbiaceae). Indian J Pharm Sci 67:
386–389
National Institute of Health (NIH) (2011) Guide for the care and use of
laboratory animals. US. Department of Health Education and
Welfare. NIH Publication, USA
Obi E, Orisakwe OE, Asongha LA, Udemezue OO, Orish VN (2004) The
hepatotoxic effect of halofantrine in guinea pigs. Indian J Pharmacol
26:303–305
Prakash M, Upadhya S, Prabhu R (2004) Protein thiol oxidation and lipid
peroxidation in patients with uremia. Scand J Clin Lab Invest 64:
599–604
Ridley RG (2002) Medical need, scientific opportunity and the drive for
anti-malaria drugs. Nature 415:686–693
Schmidt TJ, Khalid SA, Romanha AJ et al (2012) The potential of secondary metabolites from plants as drugs or leads against protozoan
neglected diseases—part I. Curr Med Chem 19(14):2128–2175
Shashank K, Abhay KP (2013) Chemistry and biological activities of
flavonoids: an overview. Sci World J2013, Article ID 162750, 16
pages, 2013. https://doi.org/10.1155/2013/162750
Siddhuraju P, Becker K (2003) Antioxidant properties of various solvent
extracts of total phenolic constituents from three different
agroclimatic origins of drumstick tree (Moringa oleifera Lam.)
leaves. J Agric Food Chem 51:2144–2155
Souza MF, Rao VSN, Silveira ER (1997) Inhibition of lipid peroxidation
by ternatin, a tetramethoxyflavone from Egletes viscosa L.
Phytomedicine 4:25–29
Subramanion LJ, Azlan A, Yeng C, Sreenivasan S (2012) Antioxidant
activity and hepatoprotective potential of Polyalthia longifolia and
Cassia spectabilis leaves against paracetamol-induced liver injury.
Evid Based Complement Alternat Med 2012, Article ID 561284, 10
pages. https://doi.org/10.1155/2012/561284
Sullivan DJ, Kaludov N, Martinov MN (2011) Discovery of potent, novel, non-toxic anti-malarial compounds via quantum modelling, virtual screening and in vitro experimental validation. Malar J 10:274
Tarirai C, Viljoen AM, Hamman JH (2010) Herb–drug pharmacokinetic
interactions reviewed. Expert Opin Drug Metab Toxicol 6:1515–
1538
Tietz NW, Rinker AD, Shaw LM (1983) International Federation of
Clinical Chemistry. IFCC methods for the measurement of catalytic
concentration of enzymes, part 5. IFCC method for alkaline phosphatase (orthophosphoric-monoester phosphohydrolase, alkaline
optimum, EC 3.1.3.1). J Clin Chem Clin Biochem 21(11):731–748
Udayashekhara RP (1987) Chemical composition and biological evaluation of debitterised and defatted neem (Azadirachta indica) seed
kernel cake. J AOCS 64:1348–1352
Udobre A, Edoho EJ, Eseyin O, Etim EJ (2009) Effect of artemisinin with
folic acid on the activities of aspartate amino transferase, alanine
aminotransferase and alkaline phosphatase in rats. Asian. J
Biochem 4:55–59

772
Vudaa M, Roshan D, Suhas U, Vijay K, Namita R, Vasanth K, Colette B,
Prakash M (2012) Hepatoprotective and antioxidant activity of
aqueous extract of Hybanthus enneaspermus against CCl4-induced
liver injury in rats. Exp Toxicol Pathol 64:855–859
Wanwimolruk S, Prachayasittikul V (2014) Cytochrome P450 enzyme
mediated herbal drug interactions. Exp Clin Serv J 13:347–391
Weichselbaum TE (1946) Biuret method of serum total protein estimation. Am J Clin Pathol 16:40

Comp Clin Pathol (2018) 27:765–772
White NJ (1997) Assessment of the pharmacodynamic properties of antimalarial drugs in vivo. Antimicrob Agents Chemother 41(7):
1413–1422
Zhishen J, Mengcheng T, Jianming W (1999) The determination of flavonoid contents in mulberry and their scavenging effects on superoxide radicals. Food Chem 64:555–559

